Interpretations of dog burials made by ancient foraging groups have tended to be based upon our own relationships with such animals and modern western cosmological and ontological concepts. Osteological studies of early dogs often focus only on issues of taxonomy, and as a result very little is known about these animals' life histories. Eastern Siberia has produced many Holocene dog burials, but these are typically not well described and the explanatory frameworks provided for them are very underdeveloped. Here we examine in detail two Cis-Baikal canid burials, one of a wolf and the other a dog, both in large Middle Holocene hunter-gatherer cemeteries. We link the mortuary treatment of these animals to other cultural practices, particularly the treatment of the human dead, and broader patterns in Northern human-animal relationships. This interpretive model is combined with detailed osteobiographies for the canids and contextual information for these and other dogs and wolves from Middle Holocene CisBaikal. It is argued that canids here were understood and treated in a variety of ways. We suggest that some animals with unique histories were known as distinct persons with 'souls' and because of this at death required mortuary rites similar to those of their human counterparts.
Introduction
Archaeologists often have sought to explain the meanings behind the intentional burial of dogs, a set of practices that first appears in Eurasia during the late Pleistocene. Scholars have pointed to the unique forms of social and emotional bonds people today have with dogs, and in some cases claim similar understandings were present in the far distant past. In Holocene Eurasia, relationships between humans and dogs (and more rarely wolves) have been characterized as friendship and mutual respect, burials as evidence of the animals being considered persons or companions, and canids themselves as being spiritual or metaphors for various features of society (e.g., Olsen, 1985; Nielsen and Petersen, 1993; Radovanovic, 1999; Tilley, 1996; Morey, 2006 Morey, , 2010 Larsson, 1989) . Aspects of these accounts probably are accurate in some ways, but the explanatory models behind them are often underdeveloped. Rarely is the specialized treatment of dogs and wolves upon death linked to other cultural practices, particularly the treatment of the human dead, and broader patterns in human-animal relationships. We argue here that a more convincing account of specific canid burials can be produced when detailed osteobiographies and context are combined with interpretive models that situate canid-human engagements within overarching cosmological and ontological understandings and practices.
Our particular interest is in developing a model for explaining two canid burials in the Cis-Baikal region of Siberia, including a recently recovered dog skeleton and the ''wolf of Baikal'' (Bazaliiskiy and Savelyev, 2003) . These burials were found in two of the region's earliest and largest cemeteries, known respectively as Shamanka II and Lokomotiv-Raisovet (hereafter Shamanka and Lokomotiv). The two interments, both over 7000 years old, demonstrate that as soon as formal cemeteries developed in Cis-Baikal, some canids too began to receive mortuary treatments that closely paralleled those of humans. Other less extensively documented dog burials in this region confirm that such practices were not limited to these two cemeteries. In addition, some human graves contain canid remains modified into body ornaments or implements, and habitation sites in the region also show that wolves and dogs were at times afforded no special treatment whatsoever.
Here we employ an interpretive approach that positions human-canid relationships within a generalized model of Northern cosmologies and ontologies. This model posits that Northern indigenous peoples (and others) both act in and know a world that is full of persons. These persons, namely sentient, willful beings with souls, include not just humans but also implements, plants, weather phenomena, landscapes, and particularly animals. The souls of these beings cycle through the cosmos, returning to the plane of the living to inhabit a newly formed person. An essential part of this process is the proper treatment of the remains of the person, human or otherwise, following their death. Not all beings, however, are equally 'ensouled'. Some are more powerful and dangerous than others, while some are more personally known than their conspecifics. These differences in part condition how their bodies are cared for and may well account for the differential treatment given to select canids.
Knowing only that a buried skeleton is from a dog or a wolf tells us little about that animal's life and its history with humans. Various technical methods now allow us to explore in some depth the life histories of ancient individuals, whether they are human or animal. We posit that building such individual life histories should be a key element in interpreting why some canids were buried, and why others received no special treatment upon their deaths. Therefore, the second aspect of our approach involves assessment of the individual life histories and contexts of the two Cis-Baikal canids. We begin by discussing their archaeological context, and this is followed by descriptive osteology, osteometrics, and in the case of one of the canids, ancient DNA analysis. In addition, diet of both canids is examined through study of their stable carbon and nitrogen isotope ratios. We draw together these details of the canids' lives to assess and enrich our interpretive model and offer suggestions for future dog and wolf research in the region.
Interpretive approach
Numerous scholars recently have argued that indigenous peoples throughout much of the North (and elsewhere) interacted with and understood animals in ways that fundamentally differ from modern Cartesian understandings (Bird-David, 1990; Bird-David, 1999; Descola, 1992; Fausto, 2007; Gutherie, 1993; Harvey, 2006; Ingold, 1986 Ingold, , 1996 Ingold, , 1998 Ingold, , 2000 Pederson, 2001; Stringer, 1999; Viveiros de Castro, 1998; Willerslev, 2007) . These diverse ways of engaging with and understanding the world have been grouped under the term animism. In animistic systems, humans are not the only fully sentient, emotional, and social beings. Landscapes, weather phenomena, plants, implements and particularly animals too have the potential to possess these qualities or perspectives.
In animistic systems, beings of a certain group (e.g., animals of a given species) had social lives paralleling those of humans and were known to appear to each other in human form, wielding implements, wearing clothing, and conversing in their own languages (Viveiros de Castro, 1998) . Social boundaries, however, were not being-specific; humans could and did have social relations with some animals. Those social engagements often were strongest with animals that were most intimately involved with humans. These might include animals that were regularly interacted with and eaten such as 'wild' prey and domesticates, as well as those considered kin or particularly potent (Paulson, 1968, p. 452; Willerslev, 2007) .
Humans and animals also engaged in complex cosmological relationships within animistic systems. Throughout much of the North, the cosmos was viewed as consisting of a series of tiers or levels, only one of which was regularly occupied by 'normal' living beings (Ingold, 1986) . All persons, human and otherwise, potentially possess souls or spirits (Hulzcrantz, 1953; Ingold, 1986; Willerslev, 2007) . These are in many cases finite in number-there can be only so many persons (Brightman, 1973) . After death, souls move to another tier and at some later point can recycle to the tier of the living to help form a new person.
The ability of souls to recycle can be facilitated or disrupted, particularly through the treatment of the body around the time of death (Willerslev, 2007; Jordan, 2003; Paulson, 1968) . Mishandling bodies, including the skeletal remains of animals that had been eaten, could anger the animal's spirit, offend its spirit master, or otherwise prevent the soul's regeneration into another being. Mishandling could involve disrespectfully addressing the animal or boasting of one's prowess in killing it, failing to make reciprocal gestures to its spirit or its master, or allowing its body to be desecrated by permitting it to be gnawed by animals such as wolves and dogs (Rasmusen, 1930, p. 108; Brightman, 1973, pp. 132 and 133; Hallowell, 1926, pp. 136, 140 and 141; Jordan 2003, p. 101; Paulson, 1968, p. 453; Ohtsuka 1994, p. 571) . This was pragmatic behaviour, not merely symbolism; it helped to ensure the continued flow of animals to humans. Paulson (1968, pp. 455-456) argued that the treatment of animal bodies after death in Northern Eurasia is closely related to concerns for bodies of the human dead. Both are persons and possess souls-proper treatment after death helps to ensure regeneration of their souls and the formation of new persons. Ceremonial sending of souls through post-mortem rites, not merely 'showing them respect', is often critical to this process. These acts of sending, which can be termed post-mortem rites, involve simple gestures that would leave little trace and elaborate processes with considerable material consequences. Relatively simple treatments might involve orienting animal heads in the appropriate direction for the post-mortem passage of their souls, while more complex procedures involve ritualized killing, consumption, and burial of the animal (e.g., Ainu bear sending ceremonies (Hallowell, 1926) ).
Notably, unlike humans, many animals do not seem to have individual, unique souls but rather those that cycle back into a collective for that species (Ingold, 1986, p. 247; Jordan, 2003, p. 102; Paulson, 1968, p. 454; Vitebsky, 2006, p. 275) . For example, souls of common prey animals such as wild reindeer and elk were often seen as returning to a pool for their respective species. Some animals' souls, however, retain individuality or uniqueness after death. Paulson (1968, p. 452) and Ingold (1986, p. 249) state that these typically include extremely powerful or intelligent animals such as bears, walrus, and whales, but other animals also are sometimes uniquely ensouled, including dogs (Grøn, 2005, p. 4) . All such animals clearly were among those requiring the most elaborate post-mortem rites, including burial in graves like those of humans (Grøn, 2005, p. 4 ).
An important aspect of animistic perspectives is that any animal potentially could be a person, but people's knowledge of this in part depends on context. Animals revealed themselves as persons to humans in their engagements with them (Willerslev, 2007, pp. 116 and 117) . Depending upon the nature of the interaction between humans and an animal (its duration, intensity, place), a specific animal might become known as a more distinct person than others. By default, dogs (and other domesticates) much more regularly engage with people than most other animals, but not uniformly so. It seems probable that all dogs within a forager community could be unique persons, but some more than others because of their friendliness, dependability, and unique histories with specific humans. We suspect that the combination of unique engagements with specific animals, and the variable ways in which dogs and wolves were understood more broadly, shaped their specific treatment upon death.
The Northern ethnographic record demonstrates that a singular and broad ranging characterization of dogs as companions, friends, persons, or soulless beasts is inaccurate. Willerslev (2007, p. 76) describes the general understanding of dogs among the modern Siberian Yukaghirs as being special, but not wholly positive. Dogs were said to be ''closer to human beings than any other creature,'' so much that hunters sometimes referred to them as their ''children.'' Dogs in other Siberian communities are even said to be able to act as a stand-in for someone in times of peril, offering their own life up in place of that of their human associate (Vitebsky, 2006, pp. 275-284) . More rarely, some groups are said to have believed that dogs had no souls whatsoever (Spencer, 1959, pp. 465 and 456) . However, even in these groups, families without children might give the name of a deceased relative to a dog, and this appears to have allowed the animal to acquire a soul. In some areas dogs were also sacrificed. This was done as an offering to spiritual beings controlling prey, as a method of swearing a blood oath, to feed the spirit of a newly built house, and even as a means of allowing their souls to accompany or to transport human souls to the afterlife (Vdovin, 1977:131, 168; Jensen, 1961; Ides and Brandt, 1967, pp. 154 and 155; Samar, 2009; Shirokogoroff, 1935, pp. 92, 200 and 210; Taksami, 1968, pp. 410 and 411) . Dogs also were seen as ideal human protectors, both from animal predators and spiritual beings, and to have had the power of healing (Brewer et al., 2001; Samar, 2009; Taksami, 1968) . Conversely, dogs were often considered impure and contaminating, perhaps due to their tendency to eat faeces, to carry an unpleasant odour, and be sexually promiscuous (Willerslev, 2007, p. 76; Jensen, 1961; Schwartz, 1997; Snyder and Moore, 2006; Vitebsky, 2006, pp. 88 and 89, 274-284 and 337) .
Wolves have a more consistently negative standing in Siberia, where many indigenous groups herd reindeer preyed upon by these carnivores (c.f., Vitebsky, 2006) . Competition with humans over reindeer, however, does not fully structure understandings of these animals even among reindeer herding groups. For example, the Yukaghir consider wolves and other predators (sable, fox, and wolverine) as potentially impure, and this possibly relates to their ''uncontrolled lust to kill and their disrespectful treatment of carcasses of slain prey (Willerslev, 2007, p. 76) .'' In other words, these animals behaved in ways deemed inappropriate for any person-they violated the ethic of sharing and dishonoured what they killed. In some North American cases, wolves were clearly known as soul-possessing beings of some importance while their domesticated kin-people's dogs-were said to lack souls (Spencer, 1959, pp. 268, 269 and 465) .
Based on this model, we predict the following treatments of dogs and wolves to be evidenced in the archaeological record of Cis-Baikal. First, given that both dogs and wolves could be viewed from a variety of perspectives, it is predicted that these animals' remains will receive highly variable treatment upon death, from specialized care to casual abandonment. If select dogs and wolves were considered human-like persons with souls, they would have been treated in similar ways to humans upon their deaths. Only if human mortuary ritual involved burial would select dogs and wolves too be buried. Second, if wolves and other carnivores were understood as impure and contaminating, their remains likely would not be worn on the body nor included in graves with human bodies. Finally, if wolves and dogs were considered protectors or transporters of human souls, they might have been purposefully killed during mortuary rites and interred whole with certain humans. Alternatively, portions of their bodies, as substitutes for the whole and carrying the animal's effects or powers (see Conneller, 2004) , might be worn by humans as items of personal adornment, even in the grave. This could involve using parts of animals that were not intentionally killed by their human companions. Such items also might have served as personal memorials for certain canids.
To utilize this model, information is needed about the variable ways in which canids were treated within a given area and time period. If cases of distinctive treatment are identified, life histories of individual animals can be built, as these, along with context, are the only ways of assessing how specific animals were interacting with humans. With our dataset, building such life histories for canids is best achieved by morphological and chemical analyses of their skeletal remains.
The Baikal Middle Holocene canids

Shamanka II
The Shamanka cemetery is located at the southwestern end of Lake Baikal (Fig. 1) . This site was subject to small-scale excavations in 1999 (Turkin et al., 2005) followed by more extensive field projects from 2000 through 2008. These later investigations were led by Vladmiir I. Bazaliiskii of Irkutsk State University as part of the Baikal Archaeological Project, and have resulted in the nearly complete excavation of the site. Overall, Shamanka has produced 96 graves and at least 154 individuals from the Early Neolithic period and the mortuary tradition termed Kitoi. Multiple radiocarbon dates on human bone indicate that these graves date from $7000 to 6100 uncalibrated years BP (Weber et al., 2006 ). An additional 11 graves dating to later periods and a small number of other ritual features were also identified. In 2008 and 2009, Losey (this study) analyzed the roughly 8300 modified and unmodified faunal remains from the Kitoi graves, including the canid remains described below. Shamanka human remains continue to be studied by Baikal Archaeological Project scholars.
Kitoi mortuary practices at Shamanka are quite variable, but some general patterns are evident. Most burial pits are irregular ovals capable of holding bodies in extended position, and most intact bodies uncovered were found in such position. During burial, bodies were often covered with ochre, and caches of artifacts were placed near the body, sometimes under the head. Many items of personal adornment also were found directly on human remains. Some graves included multiple simultaneous interments, while in other cases it is clear pits were sequentially utilized for burials. At least half of Shamanka Kitoi individuals (roughly 80 people) were found disarticulated, in some cases being represented by only 1-2 elements. In the majority of cases these episodes of skeletal disarticulation appear to have occurred in antiquity, apparently from instances of grave pit reuse, the reopening of graves for the handling of body parts, and nearly complete removal of some skeletons.
The array of animal remains in the graves is extensive and is only briefly reviewed here. Particularly common animal objects include a suite of implements made from deer (Cervidae) antler and bone, pendants of red deer (Cervus elaphus) and wild boar (Sus scrofa) canines, needle cases fashioned from bird wing elements, and fish hook barbs made of raptor talons. A suite of unmodified animal remains were also found including (but not limited to) musk deer (Moschus mochiferus) canines, marmot (Marmota sibirica) and hare (Lepus sp.) incisors, sable (Martes zebellina) teeth, mandibles, and crania, and more rarely mandibles from beaver (Castor fiber) and foxes (Vulpes vulpes), and os penis from brown bear (Ursus arctos). Crania and mandibles from bears were found in multiple graves, often in their upper levels. Additional bear parts were found in the sediments surrounding the graves, as were a number of artifacts and scattered human remains. These appear to have been removed from graves during grave revisiting.
Modified wolf or dog remains were found in four Kitoi graves at Shamanka. Grave 7 was an oblong pit that contained a 20-25 years old probable female at its base in extended supine position. Multiple burial accoutrements were found to the left of the body, including ten teeth from a wolf or dog. Mandibular teeth included four incisors (two left, two right), two premolars (both right), and one molar (right), while the upper dentition was represented by three premolars (two left, one right). All could have derived from a single individual. Two of the incisors are unmodified, while the other two were drilled through their roots, probably for the purposes of suspension. All of the post-canine teeth were heavily ground on their lingual surfaces, in one case so extensively as to fully expose the pulp cavity. Such grinding might have facilitated their attachment to a flat surface such as a container or garment. Grave 8 contained the disarticulated remains of two humans, including one 35-40 year old male and 20+ year old unsexed individual. Amongst these scattered remains was a single wolf or dog right lower 4th premolar. Grave 83 also contained two highly disarticulated individuals, including a 20-24 year old male and 20-30 year old probable female. Among the nearly 200 other items found scattered in the grave were four wolf or dog incisors, all with the lateral faces of their roots ground and having biconically drilled holes at their tips (all were broken through these drilled holes). These teeth are from mandibles, and the presence of two right 2nd incisors indicates that two canids are represented.
In grave 96, a nearly complete and fully articulated skeleton of a female, aged 30-35 years, was found in extended supine position. Just over 250 artifacts were found on and around the body, including a right tibia from a canid. This specimen, found within a cluster of artifacts just to the left side of the head, had both of its epiphyses broken off. Its exterior surface appears to have been lightly ground, and the entire object was heavily stained with ochre (as were many of the other items in the grave). Similar objects, nearly always made of bird wing elements, were repeatedly found at the site (including within grave 96) and often contained within them fine sewing needles or more rarely fish hook parts.
The single canid burial at Shamanka was found within grave 26 (Fig. 2) . Human remains representing a minimum of five individuals were found at various levels of the grave pit. These remains, with the exception of three sets of lower leg bones, were completely disarticulated and jumbled. These include one probable male and one probable female, both 20+ years of age, as well as one 14-18 year old, a 7-9 year old, and a 6-8 year old, none of which could be sexed. Based on the presence of the highly disarticulated remains found scattered at all levels within the grave pit and the irregular outline of the pit itself, it appears that the grave was opened multiple times. At the base of the grave the canid was found laying on its right side with its back tightly arched and its feet curled against the body (Fig. 3) . Stratigraphically, the canid appears to be the first interment in the pit. The position of the body suggests the head was originally oriented to the north-northeast. The canid's cranium, right mandible, a few foot elements, and most of its cervical vertebrae were found disarticulated in the upper portion of the grave pit at the same level as some human remains and artifacts. These elements appear to have been dislodged or removed from the rest of the skeleton in an episode of pit reuse. The left mandible was not found. The animal's os penis was uncovered in situ, indicating that it is a male. Directly associated with the post-cranial skeleton was a large antler spoon, and many scattered artifacts and human remains were also present at roughly the same grave pit level. Four radiocarbon dates were obtained on the human remains in the grave, and one on the canid. The probable adult female produced a date of 6135 ± 70 (TO-11528) and the 6-8 year old a date of 6250 ± 60 (TO-11530). These dates both have relatively high collagen yields (1.8% and 4.3%) and are consistent in age with that expected for the Kitoi mortuary tradition. They also are statistically the same at the 95% confidence level (test statistic T = 1.55882). The other two human dates were obtained on the probable adult male and the 14-18 year old individual. Both had low collagen yields (0.7% and 0.3%, respectively), and both produced dates inconsistent with the high collagen yielding samples and the Kitoi tradition in general (4880 ± 130 (TO-11529) and 5270 ± 60 (TO-11530), respectively). Elsewhere in Cis-Baikal, low collagen yielding samples have been shown to produce similarly discordant radiocarbon dates . A vertebrae from the canid produced a high collagen yield (8.3%) date of 6430 ± 35 (OX20561). The sample is statistically different than the two high collagen yield dates from this grave (test statistic T = 17.40489). Nonetheless, the calibrated age range at two standard deviations is 7280-7425 BP, placing it within the Late Kitoi mortuary tradition.
Lokomotiv
The Lokomotiv cemetery is located near the confluence of the Irkut and Angara rivers within the modern city of Irkutsk, roughly 75 km to the north-northeast of Shamanka (Fig. 1) . This massive site was excavated over multiple periods, with the first work occurring in 1927, followed by projects in the 1940s and 50s, and the 1980s and 90s Savelyev, 2003, 2008) . Many graves were destroyed by construction activities, and many more also likely remain unexcavated. At least 87 graves have been excavated here, but detailed information is available for only 71, the majority of which were recovered by Bazaliiskii and Savelyev in the 1980s and 90s. Within these 71 graves were the remains of at least 124 individuals (Bazaliiskiy and Savelyev, 2003) . Details on chronology, mortuary practices, human osteology, stable isotopes, and genetics already have been published in English and Russian (Link, 1999; Katzenberg and Weber, 1999; Weber et al., 2002; Bazaliiskii, 2003; Bazaliiskiy and Savelyev, 2003; Bazaliiskii and Savel'ev, 2008; Mooder et al., 2005 Mooder et al., , 2006 Weber et al., 2006; Weber et al., 2010; Lieverse et al., 2007a Lieverse et al., ,b, 2009 and are very briefly reviewed here.
The 98 radiocarbon dates on human remains from the cemetery indicate that its primary period of use was roughly contemporaneous with the Early Neolithic interments at Shamanka (Weber et al., 2006) . A few graves at Lokomotiv, including the single grave containing canid and human remains, date slightly earlier, with uncalibrated midpoints falling between 7000 to 8000 BP, placing them within the Late Mesolithic period (Weber et al., 2006; Bazaliiskii and Savel'ev, 2008) . Based on this chronology and the structure of the artifacts and faunal remains within the graves, the vast majority of graves here were assigned to the Kitoi mortuary tradition. Specific mortuary practices are highly variable, but all involved interments in oblong and relatively deep grave pits. Both single and group burials were present, and in most cases bodies were found in extended supine position. Group burials often involved the placement of individuals in head-to-toe position. Roughly one-fourth of the individuals lack their craniums, and in many cases their removal appears to have occurred prior to burial. Burial accoutrements are similar to those seen at Shamanka.
In 2009, Losey (this study) analyzed all available faunal material from the graves, all of which derived from Bazaliiskii and Savelyev's excavations of the site in the 1980s and 90s. Preservation conditions at Lokomotiv were not as ideal as at Shamanka, but still quite good, and $2200 faunal remains were present. As at Shamanka, these materials were dominated by implements made of deer antler, unmodified marmot incisors, pendants fashioned from the canines of red deer, wild boar, and musk deer, as well as modified and unmodified bird remains. Unmodified sable and fox teeth and mandibles were also found in several graves. The only modified large canid remains at the site consisted of a single canine found in grave 23 which had one face of its root ground to a flat surface. The object was found with a cluster of other artifacts just above the head of a human male, age 20-25 years, and lying in extended supine position.
In 1995, a complete canid burial was found in the Raisovet section of the cemetery threatened by construction activities (Bazaliiskii, 2003; Savelyev, 2003, 2008) . This grave (#8) was oval in outline, and at about 86 cm from the modern surface excavators found a fully articulated canid laying on its left side with its head oriented to the south (Figs. 4 and 5a and b) . The legs of the canid were slightly flexed, and positioned between the legs and the rib cage were the articulated cranium, mandible, and 1st and 2nd vertebrae of an adult male human. The head was within its own small pit and appears to have been interred at the same time as the canid. Despite the abundant evidence for head removal, 0 30 cm this is the only isolated human head to be found at the site. A human mandible from a second individual, along with a few scattered hand bones and rib fragments, were found at the same level near the margin of the grave pit. A human fibula fragment also was found near the canid's skull. Bazaliiskii and Savelyev (2003, p. 28) suggest that these scattered human remains were from an earlier burial within the pit. A patch of ochre in the shape of an oval extended outward from the canid's front limbs. Scattered implements and ornaments in the grave included bone needles, simple lithic tools, and bone tool fragments; none were in direct association with the canid. The canid was identified as a tundra wolf (Canis lupus albus), although no methodology for this identification is given and no measurements on the specimen's cranium or post-cranial skeleton were published (Bazaliiskii, 2003; Savelyev, 2003, 2008) . This lack of basic analytical documentation for the canid in part stimulated the genetic and osteometric work done for this paper. Photographs of the animal in situ reveal the presence of an os penis, indicating that it is a male. Two radiocarbon dates made on groups of vertebrae and ribs from the canid were obtained: 7320 ± 70 (TO-11558; collagen yield 2.7%) and 7230 ± 40 (GIN-8841a; no collagen yield reported) uncalibrated years BP Savelyev, 2003, 2008; Weber et al., 2006) . The two age assessments are statistically the same at the 95% confidence level (T-test value of 1.246154). At two sigma, their calibrated age ranges are between 7970 and 8320 years before present. Two dates were also obtained on the human remains in the grave. The first date, 7840 ± 70 uncalibrated years BP (TO-10507; collagen yield 12%), was obtained on the atlas associated with the head buried with the canid, while the second date, 7750 ± 70 uncalibrated years BP (GIN-6482; no collagen yield reported), was obtained on a phalanx from the scattered human remains. The two dates are also statistically the same (T-test value of 0.8265306). Furthermore, they are the oldest of the radiocarbon dates obtained for the cemetery, with respective calibrated age ranges of 8450-8980 and 8400-8700 years BP. We suspect the difference between the dates on the human remains and the canid is due to an old carbon effect (perhaps a hard-water effect, see Deevey et al., 1954) in the human samples. A carbon offset for Lake Baikal has been suspected for some time (Colman et al., 1996; Prokopenko et al., 1999; Watanabe et al., 2009) , and other freshwater systems are known to carry significant old carbon effects (Ascough et al., 2007; Cook et al., 2001; Fischer and Heinemeier, 2003; Geyh et al., 1998; Moreton et al., 2004) . Lokomotiv itself is about 55 km downstream from Baikal on the Angara River, the lake's only outlet. Stable carbon and nitrogen isotope analyses of 20 human individuals from Lokomotiv indicate that the population has one of the higher d 15 N averages (=14.4‰) among the region's ancient cemeteries, suggesting reliance upon freshwater fauna . These fauna, likely a mix of local river fishes and those moving between the lake and the Angara for spawning, may also carry an old carbon effect. The Lokomotiv wolf's d
15 N values, documented as part of this study and described below, indicate that it did not rely upon the region's aquatic fauna, perhaps placing it largely outside of the chain of old carbon.
Other canids
Canid burials have been documented in other Middle Holocene sites around Lake Baikal, and we begin by reviewing those found in the region's cemeteries. In all cases described below, with the single exception of the dog from Ust'-Khaita (Klement'ev et al., 2005) , methods for identifying canids are unspecified and basic osteometric data are unavailable. Even in case of the dog from Ust'-Khaita, only the crania of the specimen is described, and this was done solely for the purposes of ageing and identification.
The mortuary site known as Khuzhir or Shamanksii Mys, located on the east coast of Olkhon Island, produced 11 human graves, other pits and features, and stratified deposits containing faunal remains and artifacts (Konopatskii, 1982; Weber et al., 1998) . Grave 3 (1972) contained a human burial, numerous implements and other items, and two canids. The human body was the first to be interred, and was covered or wrapped with birch poles and a sheet of sewn birch bark. Two radiocarbon dates were made on wood from the grave, which differ in their uncalibrated midpoints by just over 800 years: 5720 ± 50 (LE1076) and 6550 ± 35 (SOAN 0790) (Konopatskii, 1982:71) . Just above the birch bark sheet the two canids were found, one to the left and one to the right of the human body, both on their right sides with their heads oriented to the east (as was the human burial). Both skeletons appear in Konopatskii's (1982, p. 49) illustration to have been slightly disarticulated, perhaps from the rodent burrowing mentioned in the grave description. Both were associated with implements, including chipped-stone scrapers and a knife, an antler spoon, and an additional antler implement. N.D. Ovodov, a paleontologist, identified the two canids as Siberian Huskies (Konopatskii, 1982, p. 44) . Grave 4 (1973) is also reported to contain canid remains. This grave pit was large enough to accommodate the body of an adult human in extended position, but no human remains were present. Excavators found within the grave one dog mandible, a nephrite pendant and adze, and additional pendants made from animal teeth (Konopatskii, 1982, p. 62) . No radiocarbon date is available for this feature, but the artifact styles are consistent with a Middle Holocene age.
Excavations at Khuzhir in 1973 revealed a series of stratified archaeological deposits near the graves. Slightly underneath grave 1 (1973), an oval concentration of stone slabs was found capping a pit (Konopatskii, 1982, pp. 33 and 34) . At the base of the pit, a poorly preserved canid burial was found. Identified as a dog, the skeleton was articulated, on its right side, with its head oriented to the east, just as seen in grave 3 (1972) . This canid too was associated with numerous artifacts, including chipped stone flakes, birch bark, a split long bone, a fragment of an antler point, and bones from the foot of an unidentified mammal. No radiocarbon dates are available for this feature, but Konopatskii (1982, p. 34) argued that it predated grave 1, which like the other burials at the site, appears to be of Middle Holocene age.
Multiple cemeteries in the Little Sea region of the Baikal west coast have produced canid remains. A few elements of a large canid were found within a human grave (#4, 1978) at the Khotoruk cemetery (Konopatskii, 1982, pp. 39-43) . At the base of the grave an adult human skeleton was found. In the mid to upper portion of the grave pit, two layers of stone paving were uncovered. Near the lowermost pavement were several limb bones of mammals; at least one of these specimens was subsequently identified as belonging to a canid. At the same level within the grave were fragmented portions of a human skull and ochre. Three dates were obtained in the early 1990s on other graves at Khotoruk, and their uncalibrated midpoints range from 6550 to 7020 BP (Weber et al., 2006) . Khuzhir-Nuge XIV produced an unmodified wolf canine from an unspecified location within grave 72, which contained an unsexed human adult individual (McKenzie et al., 2008) . This grave was directly dated to 4410 ± 90 (TO-09419) uncalibrated years BP . Several graves at the Uliarba cemetery contained canid remains. These include a wolf mandible from grave 2, which also held one juvenile and two young adult human skeletons; three dog phalanges in grave 16, which contained one young adult individual; and an unspecified number of dog remains in graves 35 and 36, which contained one adult female each (Goriunova et al., 2004) . Of these, only grave 16 was directly dated, producing an age estimate of 4290 ± 80 (GIN-4484) uncalibrated years BP. The canids in these latter two graves appear to be burials of whole animals that were separated from the human interments by simple stone constructions. Finally, the Kurma XI cemetery has two human graves containing dog remains, including two upper canines from grave 6 and one incisor from grave 10 (Ovodov et al., 2009 ). Grave 6 was directly dated to 3960 ± 60 (TO-10997) and grave 10 to 4050 ± 60 (TO-11000), both in uncalibrated years BP (Weber et al., 2006) .
A spectacular, but not well dated, canid burial was found by A.P. Okladnikov at the Pad' Lenkovka cemetery located on a small tributary of the Angara a few km downstream from its confluence with the Belaia River. Grave 2 (1960) was round in outline and lined with vertically oriented stone slabs (Okladnikov, 1974, pp. 138 and 313) . The interior of the construction was covered with a layer of smaller slabs. About 30 cm from the surface and below this stone paving, a dog or wolf skeleton was found on its right side in a tightly curled or flexed position. The sediments around the canid were charcoal-rich and contained several stone blades; a moose (Alces alces) scapula also was found near the skull. None of the archaeological materials at this site have been directly dated, and they are believed to be now lost. Okladnikov (1955, pp. 301 and 302) assigned the cemetery to the Glazkovo mortuary tradition, or Early Bronze Age period (see also Weber, 1995, p. 116) .
Canid remains were also found in the Obkhoi cemetery on the Upper Lena River. Excavated in the late 1960s by A.P. Okladnikov, this cemetery contained at least 12 Glazkovo graves (Weber, 1995, p. 121) . Unfortunately, no report on these excavations has been published. Mamonova and Sulerzhitskii (1989) report a radiocarbon date for grave 4 of 3760 ± 40 (GIN4106) uncalibrated years BP.
Habitation sites (those used primarily for residential purposes as opposed to human mortuary rites) in the Baikal region also contain wolf and dog remains. Ust'-Belaia, a large Early and Middle Holocene habitation site at the mouth of the Belaia River, produced four canid burials. In a layer originally assigned to the Mesolithic, a pit was found with an articulated canid skeleton at its base (Medvedev, 1971, pp. 63 and 64; Berdnikova, 2001, p. 119) . The skeleton, identified as a dog, had its head oriented to the northeast and was laying on its left side. Four red deer canine pendants were found on its neck, two on each side, almost certainly from a necklace worn by the canid. At the same level just north of the dog's head were found large Bovidae elements, including a scapula and horn core, and at least two whole roe deer antlers-all rare grave inclusions for the region. Berdnikova (2001, p. 130 ) reports a radiocarbon date of 5770 ± 35 (SOAN-2715) on one of these associated bones. One other pit from this same area also contained an articulated canid pup skeleton (Medvedev, 1971, p. 60; Berdnikova, 2001, p. 118) , along with several tools.
Two other dog pit burials were found at Ust'-Belaia in association with deposits identified as Neolithic in age (Krizhevskaia, 1978, p. 77; Berdnikova, 2001, pp. 123-125) . One was found at the base of a pit laying on its back with its head oriented to the south-southwest. The canid was identified as Husky-like in form and is reported as being six years of age. Krizhevskaia's (1978, p. 77) description and illustration indicates that the canid's skeleton was at least partially in anatomical order. No associated artifacts were noted, but a hearth was built directly above it within the pit. The final canid was found disarticulated and possibly intentionally dismembered-it was found in two sections, with its front and back halves being separated and out of position. Its upper section was on its back (the ventral face of the cranium and mandible were pointed upward) and the head was oriented to the west. The right mandible from a second canid was found directly underneath its skull. No other items accompanied this burial. Ermolova (1978, pp. 42-44) very briefly describes similar dog burials at two other Neolithic habitation sites (Semenoka and Riutino) on tributaries of the Angara.
Upstream on the Belaia River, excavations at the Ust'-Khaita habitation site have revealed numerous canid remains (Klement'ev et al., 2005) . Here, however, none appear to have come from intentionally buried animals. Paleontologist A. Klement'ev identified 39 wolf specimens representing a minimum of five individuals, all from layers dating to the Early and Middle Holocene. A further 129 specimens representing a minimum of five individuals were identified as dog from these same layers. Many of these were randomly scattered across the site. Some were found in a single loose concentration in layer 9 and appear to be from a single dog. Other faunal remains from this layer yielded radiocarbon dates of 8275 ± 100 (SOAN-4650) and 8350 ± 175 (SOAN-4651), making this potentially the earliest dog from the region. The animal was estimated to have been 9-11 months old based on the degree of cranial suture fusion, and its skeleton showed no pathologies.
Near the northern end of Lake Baikal, the Baikalskoe III habitation site yielded nine fragmented canid specimens representing a minimum of two individuals. These remains were recovered from layers dating to the mid-to late-Holocene (Emel'ianova et al., 2009 ). Excavations at Ulan-Khada, located in the southern Little Sea area, produced burnt canid cranial and mandible fragments from one of its Neolithic layers, and 19 canid remains (17 of which are likely from a single dog) from a Late Bronze Age layer (Nomokonova et al., in press ). Berloga, also located on the Little Sea, produced a single large canid metatarsal in a layer dating to roughly 6500 uncalibrated years BP (Nomokonova et al., 2009 ). Tyshkine III, on the east coast of Olkhon Island, yielded a single canid bone, identified as a dog, from a Bronze Age layer (Goriunova et al., 2007) . Further south along the east coast of the lake at Sagan-Zaba II, undifferentiated large canid remains were found in two Neolithic layers in association with other fragmented faunal remains (Nomokonova personal communication, 2010) .
Technical analyses
Osteology
To better understand the nature of the interaction between humans and the canids buried at Shamanka and Lokomotiv, a series of technical studies were conducted, beginning with basic descriptive osteology. Initially, the two canids' crania and mandibles were measured with a digital caliper (following Von den Driesch (1976) and Morey (1992) ), and the long bones with an osteometric board (Table 1) . Second, both were macroscopically examined for evidence of trauma and pathologies, and elements were digitally photographed.
The Shamanka canid had a fully fused post-cranial skeleton and adult dentition. The maxillary left incisor 1 and right incisors 1 and 2 were lost prior to death and their alveoli filled with bone. Both maxillary canines were extensively worn, with very little of the crowns remaining, and the post-canines also showed wear. The right mandible had well worn teeth and appears to have lost premolar 1 prior to death, as no alveolus for this tooth was evident. Cranial sutures, particularly those in the facial area, were not fully fused as would occur in a senescent dog or wolf (Fig. 6) . Nonetheless, the tooth loss and wear, and the fully fused post-cranium skeleton, suggest to us that the animal was a fully mature adult.
The limbs and pelvis of the canid appeared normal, showing no evidence of trauma or pathological lesions. Greatest length measurements of the long bones were used with Harcourt's (1974) formulas to estimate shoulder height. The estimates for the canid ranged from 59.1 to 62.4 cm. Unlike the limbs, the spine and ribs showed some irregularities and evidence of trauma. Right ribs 10 and 11 showed evidence of recently healed fractures just below their necks. Thoracic vertebra 8 or 9 was found in two parts with the body and arch forming one part, and the dorsal spinous process forming the other. The part composed of the body and arch contained the cranial articular surfaces while the part composed of the spinous process contained the caudal articular surfaces. Roughening and bone proliferation was present at the fractured dorsal aspect of the arch and at the fractured ventral aspect of the spinous process. These changes are interpreted to represent an ante-mortem fracture and callus formation associated with fracture healing. The etiology of this facture and those of the nearby ribs are unknown, but fractures in these same areas are common in other studies (Warren, 2000; Teegan, 2002) . Previous studies of similar fractures suggest they could be symptomatic of blows from humans, conflict with prey or other dogs, or the use of canids as burden animals (see Morey (2010, pp. 93-97) and references therein). The Shamanka specimen's lumbar vertebrae all have mild to moderate asymmetry of the vertebral arch, including the articular surfaces, and mild to moderate curvature of the spinous processes (Fig. 7) . It is possible that such deformations were produced by recurrent use of the dog as a burden animal. Warren (2000) noted very similar deformed vertebrae in dogs from the southeastern United States, where the use of dogs as burden animals was also suspected. Finally, two of the lumbar vertebrae also show relatively small amounts of periarticular (intervertebral) bone formation (spondylosis) at both the cranial and caudal aspect of the body (Fig. 7) . Spondylosis is most commonly seen in dogs of advanced age (Morgan, 1967) , and again has been linked in several studies to the use of dogs as burden animals (Morey, 2010, pp. 93-97) . The Lokomotiv specimen (Fig. 6 ) had a fully fused post-cranial skeleton and an adult dentition. In the early 1990s, G.A. Klevezal thin-sectioned one of the teeth to observe incremental cementum bands for the purposes of ageing and determining season of death. In a letter to Bazaliiskii, she stated that the specimen was 9 ± 1 years old and died between June and August. Our inspection of the animal's dentition also suggests an advanced age. All teeth are heavily worn, with all of the upper incisors being worn to the point of exposing the pulp cavities. The upper left canine was lost ante-mortem and its alveolus is filled with bone. This area is also associated with swelling, roughening, and porosity of the external (periosteal) surface. Most of the crown and the caudal root of the upper premolar 2 were lost ante-mortem. The left premolar 4 appears to have fractured, possibly ante-mortem, with loss of the caudal aspect of the tooth. The lingual alveolus is partially filled with bone, and a large abscess formed in the area of the labial root. All mandibular teeth are also extensively worn. In the left mandible, premolar 2 was lost ante-mortem, with the alveolus slightly remodeled. The crown of adjacent premolar 3 was fractured away ante-mortem and the break surface is slightly worn. In the right mandible, molar 2 was lost ante-mortem and the alveolus partially filled with spongy bone.
The limbs and pelvis of the canid appeared normal, showing no evidence for trauma or pathologies. Very minor osteoarthritis was observed in elements of the feet. Unfortunately, all but two of the vertebrae and a few fragments of the ribs were unavailable for study, the remainder being destroyed during radiocarbon dating. These showed no signs of trauma or disease, and close inspection of ribs and vertebrae in photos taken during excavation revealed no obvious abnormalities. Long bone measurements (Table 2) entered into Harcourt's (1974) formulas produced shoulder height estimates of 73.2-79.1 cm.
Osteometric identification
The Shamanka and Lokomotiv skulls were compared to seven reference groups: the Wild Wolf, Palaeolithic Dog, Prehistoric Dog, Recent Archaic Dog, Recent Other Dog with wolf-like snout, Recent Other Dog with short tooth row, and the Recent Other Dog with slender snout group. Details on the reference groups can be found in Germonpré et al. (2009) . The Pleistocene wolves recognised in Germonpré et al. (2009) were included in the Wild Wolf group. Furthermore, in this study, 54 recent wolf skulls, nearly all from northern Alberta, Canada, were adjoined to the Wild Wolf group. The Recent Archaic Dog group was enlarged with three specimens: two Husky-type skulls and one Samoyed skull.
Because multivariate statistical procedures do not allow missing values, a selection of measurements was made to include a maximum number of fossil skulls that are often incomplete. Following variables from Von Den Driesch (1976) were retained: total skull length (TL, 1), viscerocranium length (VL, 8), alveolar length P1-M2 (ALP1-M2, 15), carnassial crown length (P4CL, 18), greatest braincase width (GWbrc, 29), greatest palatal width (GWpal, 34), and minimal palatal width (MWpal, 35) .
Univariate and multivariate statistical analyses were undertaken using JMP (version 5.1.2) and significance was set at <0.05. A linear discriminant function analyses (DFA) was generated between the specimens from the different groups. It is applied to the seven log-transformed size-adjusted variables used in Germonpré et al. (2009) . The Shamanka and Lokomotiv skulls are added as ungrouped specimens in order to assign them to one of the reference groups.
The attribution of the two skulls to one of the seven classified groups was determined by the size-adjusted DFA. Wilks' lambda is very low implying high case predictability (k = 0.055, P < 0.0001). The first two functions account together for 90.1% of the variation among the groups. The DFA allowed clear separation of the canid groups: 88% of the cases are correctly classified. In total, 20 skulls are misclassified. Between 70.6% and 100% of the skulls from the different reference groups are correctly classified. The reference group with the largest percentage (29.4%) of misclassified specimens is the Recent Other Dog with wolf-like snout group. The Epigravettian Eliseevichi skull 447 is assigned to the group of the Recent Archaic Dogs, bringing the frequency of misclassified Palaeolithic Dogs to 20%. In the Wild Wolf group, one skull was misclassified as Recent Other Dog with slender snout (1%) and ten as Recent Other Dog with wolf-like snout group (9.6%). Two skulls of the Recent Archaic Dogs are misclassified to the Palaeolithic dogs (9.5%). In the Recent Other Dog with short tooth-row group, one skull was assigned to the Recent Other Dog with wolf-like snout group (9.1%). Fig. 8 presents the results of the assignment of the unknown specimens. The Lokomotiv skull is situated very near the centroid of the Wild Wolf group, confirming the identification of the Lokomotiv skull as a wolf (Bazaliiskiy and Savelyev, 2003) . It is attributed to the Wild Wolf group with a posterior probability of 0.90. The Shamanka skull falls just outside the range of the Recent Archaic dogs that consist of breeds such as Siberian Husky, Chow Chow and Samoyed, and is assigned to this group with a posterior probability of 0.64.
DNA analyses
Given that wolf burials are quite unusual (but seen elsewhere, see Fladerer et al., 2009 ; Salcher-Jedrasiak and Umgeher-Mayer, 2010), we sought to further verify its identification through ancient DNA analyses. Bone preparation, DNA isolation and polymerase chain reaction (PCR) set-up were all performed in a dedicated, spatially isolated ancient DNA laboratory using all standard ancient DNA precautions. Negative controls were included with each extraction and PCR.
Two separate fragments of a vertebra were crushed and approximately 0.1 g of each was decalcified overnight in 5 mL of 0.5 M EDTA (pH 8). The decalcified bone was then digested in 6 ml of 0.01 M Tris, 0.01 M NaCl, 1% SDS, DTT and proteinase K rotating overnight at 37°C. DNA was then extracted from the digestion mix twice with 6 ml of phenol and once with 6 ml chloroform. The extract was further purified and concentrated with YM-30 Centricon (Millipore) filters to a final volume of about 100 lL.
Fragments of the mitochondrial DNA were amplified in 25 ll reactions including 3 ll of extract. Reactions contained 1Â buffer, 2.5 mM MgCl 2 , 0.2 mM dNTPs, 1 lM of each primer and 2.5 U AmpliTaq Gold (Applied Biosystems). Primer sets attempted include the cytochrome b primers uCB51 and cCB52 (223 bp), cCB53 and uCB54 (276 bp), and cCB55 and cCB56 (231 bp) and the control region primers ThrL and dog1R (148-149 bp), dog2F and dog2R (139-141 bp), dog3F and dog3R (149 bp), ddl7 and dog4R (148-149 bp) and dog5F and DLHc (108 bp) (see Table 2 ). The PCR conditions were an initial 5 min denaturation step at 95°C followed by 20 cycles of 95°C for 30 s, touchdown 0.5°C/step from 60 to 50 for 1 min, and extension at 72°C for 1 min followed by 40 cycles of 95°C for 30 s, 48°C for 1 min and 72°C for 1 min with a final elongation step of 7 min at 72°C. The ramp time between denaturation and annealing and between annealing and extension was slowed from 3°C/s to 1°C/s. All PCRs included negative PCR controls and the extraction negative controls. All reactions were checked on agarose gels stained with ethidium bromide, and all bands were directly sequenced in both directions with the same primers as were used in the PCR.
A BLAST search (http://www.ncbi.nlm.nih.gov/genbank) was made with each clean sequence to determine taxa of origin, to make ensure it was canid and not a common reagent contaminant such as human or cow . Sequences of canid origin were checked against replicates of the same fragment, and overlapping fragments. A phylogenetic analysis of the concatenated sequence and previously published dog and wolf sequences (Vilà et al., 1997 (Vilà et al., , 1999 was performed using the neighbour-joining algorithm and an HKY85 distance using a gamma distribution with parameter a = 0.5 in the programme PAUP Ã (Swofford, 2002) (Fig. 9) . Coyote (Canis latrans) and Indian wolf haplotypes (Sharma et al., 2003) were used to root the phylogeny.
None of the slightly longer (223-276 bp) cytochrome b primer sets yielded any products. Four of the five control region primer sets, all of which target products less than 150 bp including primers, did yield results. No canid DNA was identified in any negative control, but human DNA was identified in one reaction (with primer set dog5F/DLHc) that most likely originated from the reagents . No mismatches were identified in any of the replicate sequences of the same fragment or between overlapping regions of adjacent fragments. A total of 333 bp (excluding primers) of sequence were determined.
The sequence of the Lokomotiv sample was not identical to any previously published sequence available in GenBank. Further, it was not in any of the four main dog clades. It was, however, very closely related to Asian and Eurasian wolf haplotypes (Fig. 9) . This implies that these bones came from a wolf and not a dog. The wolves of Asia have been very much less well sampled than wolves from Europe and North America, so it is possible that this haplotype is extant in the region, but has just not been sampled. 
Stable isotope analysis
Stable isotope analyses of dog remains often indicate diets similar to those of the humans the animals lived with (e.g. Katzenberg, 1989; Cannon et al., 1999; White et al., 2001; Boric et al., 2004; Fischer et al., 2007; Allitt et al., 2008; Eriksson et al., 2008; Fornander et al., 2008; Le Bras-Goude and Claustre, 2009) . To see if this was true for the Shamanka dog, and to investigate the possibility that the Lokomotiv wolf lived with humans for some time prior to its death and shared their food, we performed d 13 C and d 15 N analysis on bone samples from the remains (see Table 3 ). Dentine collagen was also analyzed in order to compare the diets consumed in the animals' youth to those consumed in the years prior to death; the results of that work will be reported in an upcoming paper treating dental development and dentine collagen analysis in canids.
To prepare the bones for analysis, a small sample weighing $0.5 g was cut from the bone. The exterior surfaces of the sample were removed using a motor tool with a grinding bit and the samples were cleaned ultrasonically in purified water. Samples were demineralized by soaking in repeated changes of 1% HCl solution (Sealy, 1986) , then treated with 0.125 M NaOH for 20 h to remove humic and fulvic acid contaminants (Katzenberg and Weber, 1999) . Prepared collagen samples were analyzed in the Biogeochemical Analytical Laboratory of the Department of Biology, University of Alberta using a EuroVector elemental analyzer (Model: EuroEA3028-HT) interfaced to a GV Instruments (Isoprime) isotope ratio mass spectrometer. Instrument precision was ±0.1‰ for d 13 C and ±0.2‰ for d 15 N. Sample preservation was assessed from atomic C/N ratio, %C, %N and collagen yield, using generally accepted threshold values (Ambrose, 1990; van Klinken, 1999) .
The results of the analysis indicate that both samples are adequately preserved (see Table 3 ). The Vilà et al., 1997; Leonard et al., 2002) , and wolf haplotypes are labelled with lu (from Vilà et al., 1999; Musiani et al., 2007; Muñoz-Fuentes et al., 2010) , HW or IW (Sharma et al., 2003) or Genbank number for unpublished sequence from Japan. The four main clades of dogs are outlined and labelled (following Vilà et al., 1997) . The unknown sample is labelled ''Lokomotiv canid'' and its position within a clade of Eurasian and Asian wolf haplotypes in the phylogeny is highlighted with bold branch. The phylogeny is rooted with Indian wolves (HW and IW) and coyotes (la).
and somewhat lower d 15 N (see Fig. 10 ). They differ substantially from the values of local terrestrial fauna, and have been interpreted elsewhere (Katzenberg and Weber, 1999; Weber et al., 2002; Katzenberg et al., 2010) as indicating a mixed diet rich in aquatic resources. In contrast, the values of the Lokomotiv wolf (d 13 C = -20.2‰, d 15 N = 9.7‰) fall quite far from those of the Shamanka dog, Shamanka humans and Lokomotiv humans. The similarity of the wolf's d 13 C value to those of archaeological terrestrial ungulates from the region (red deer, roe deer, European elk) and the position of its d 15 N value roughly one trophic level above red deer and roe deer suggest a diet based on terrestrial resources, unlike the diets of human groups from its era (Katzenberg and Weber, 1999; Katzenberg et al. 2009; Katzenberg et al., 2010) . This interpretation is reinforced by the similarity of the Lokomotiv wolf values to values found for a modern wild wolf from the Baikal region (see Fig. 10 ). The two canids' stable isotope values indicate that they consumed dissimilar diets in the years prior to their deaths. The diet of the Shamanka dog was broadly similar to the diet of humans interred at Shamanka, although its d 15 N value is somewhat lower. In this, it is similar to dogs from many other archaeological cultures (e.g. Katzenberg, 1989; Cannon et al., 1999; Boric et al., 2004; Fischer et al., 2007; Fornander et al., 2008) . The values of the Lokomotiv wolf, on the other hand, are consistent with a diet of terrestrial ungulates, falling into the same area as a modern Baikal wolf. This is not suggestive of human provisioning, and indicates that whatever its relationship with the humans interred at Lokomotiv, it did not share their diet.
Discussion and conclusions
The treatments afforded canids in Cis-Baikal's Middle Holocene archaeological sites suggest that dogs and wolves were understood in a variety of ways. Some appear casually treated upon death while others received lavish care, often on par with that given to the human dead. Recurrently utilized human burial places (cemeteries) first appear in Cis-Baikal just over 8000 BP . At virtually the same time, the first canid burial appears, namely the wolf found at Lokomotiv, followed shortly thereafter by dog burials at Shamanka, Khuzhir, and perhaps Ust'-Belaia. At these first three sites whole canid bodies were buried in graves within which humans also were interred. However, there is no compelling evidence they were killed to be buried with a recently deceased human. The Shamanka canid was perhaps the first in a series of interments in a grave, and was subsequently disturbed by an episode of grave pit reentry. At Lokomotiv, human remains may have been removed from the grave prior to the wolf's burial. Subsequently the wolf was interred with a head of a human. Two of the Khuzhir canids were found with human remains, but separated from them by a layer of birch bark. Dogs were interred in their own pits at Ust'-Belaia and Khuzhir, complete with rare items such as roe deer antlers and materials typically only seen with humans such as red deer canine pendants and spoons. At Pad' Lenkovka a dog was buried in a relatively elaborate stone-lined grave. These patterns suggest that one wolf and many dogs in Cis-Baikal were considered persons and therefore treated much as humans were upon their deaths. They were transported to burial places, placed into graves, and sometimes provided with implements, ornaments, and other objects. Wolf and dog remains, as well as body parts of sable and fox (identified ethnographically as impure and contaminating) were found in Cis-Baikal graves near human bodies and were sometimes modified, perhaps for use as personal adornments. This further suggests that some canids and other carnivores were not considered contaminating but rather were kept close at hand, even in death.
The Shamanka specimen appears to have been a Husky, Chow Chow, or Samoyed-like male dog that stood roughly 60 cm tall at the shoulder. Recall that several other Middle Holocene dogs buried in Cis-Baikal also were identified as being Husky-like. The Shamanka dog's skeleton was fully fused and its teeth well worn, suggesting it was at least middle-aged. As an adult, the dog had suffered from one or more injuries to the spine and ribs, perhaps the result of blows from a human or other animal, or its use as a burden animal. These injuries had partially healed prior to death. Carbon and nitrogen stable isotope signatures indicate that its diet was similar to that of contemporaneous humans buried at Shamanka. Overall, these data suggest the Shamanka dog dwelt in close contact with humans, sharing their foods and perhaps assisting in tasks such as hunting and transport. It is probable that this level of intimacy lasted several years, as the dog was fully adult at the time of its death. These seem ideal circumstances in which a dog could become known as a quite human-like person. At the time of the dog's death, human bodies in this region of Siberia were placed in graves within formal cemeteries, sometimes in pits that already contained other bodies. This is precisely the treatment shown the dog at its death.
The Lokomotiv canid is an adult male wolf that stood at least 73 cm at the shoulder, which appears to place it among the larger wolves (Mech, 1970, p. 12 ). We do not believe, however, that the specimen can be identified to subspecies as was asserted in Bazaliiskiy and Savelyev (2003) . The wolf is almost certainly an older adult. While wolves in captivity can reach 15-16 years of age, wild wolves appear to quite rarely survive to half this age (c.f., Stephenson and Sexton, 1974)-the age estimate for the Lokomotiv specimen is 9 ± 1 years. Bahn (2003) suggested that the degree of tooth loss seen in this animal might indicate it received care in its latter years from humans. However, several studies show that wolves commonly suffer fractures, including those of the skull, as well as tooth and even foot loss (Rausch, 1966; Stephenson and Sexton, 1974; Stephenson and Johnson, 1973) . The incidences of such injuries appear to be correlated with animal age, and males are slightly more prone to such injuries than females (Nielson, 1977) . Clearly the Lokomotiv wolf's missing and worn teeth are sign of a long and perhaps treacherous life, but not indicative of care by humans. Stable isotope analyses of bone from the wolf give no indication that the animal was eating a diet similar to the humans buried at Lokomotiv in the latter years of its life. Its diet appears to have focused on ungulates, the predominant prey of wolves today in this region of Siberia (Stroganov, 1969; Novikov, 1962) . In short, the only evidence for this animal having an interaction with humans is its burial at the Lokomotiv cemetery.
What then might explain this unusual burial? Concepts such as friendship and companionship seem inappropriate as explanations, as the wolf does not appear to have been closely associated with humans except at death. It is possible the animal was encountered during the course of its life, perhaps when pursuing the same prey as human hunters. Perhaps humans witnessed its death or found the animal very shortly after it had perished. Regardless, at its death-the cause of which is not clear but could simply be old age-the animal was transported to Lokomotiv and given mortuary treatment equivalent to that given to a human person. It is the wolf's interment with a human head that is most provocative. It seems to have been positioned to surround or protect this specific individual, found nestled between its legs. In ethnographic cases described earlier, canids were clearly seen as protectors and transporters of human souls, but in these cases dogs (not wolves) were killed and their bodies, or portions of them, were placed in graves for this purpose. It seems possible the human head was from an earlier burial in this same grave that was exhumed, and then carefully placed back in the grave with the wolf. Perhaps then the wolf was not just treated as a person but was also meant as a protector of a specific human, likely one of the earliest buried at the cemetery.
Our study of the Lokomotiv and Shamanka specimens provides new details about the lives of two Cis-Baikal canids that received specialized post-mortem care. Along with a generalized model of how wolves, dogs, and other animals are variously understood in the North, these osteobiographies made possible a thorough interpretation of the meanings behind the burials. To further this research, additional studies of such detail are needed on other canids from this and other regions of Eastern Siberia, which to date are virtually non-existent. Such studies should include canid remains from all contexts, not just burials, as this will help in evaluating why only some canids' remains received distinct treatment. Social and emotional attachment to dogs probably did play a part in why some select few were buried, but emotion alone does not fully explain why they were given mortuary treatments similar to their human counterparts. It is clear that dogs and wolves are only two among many animals in the circumpolar North to receive distinct post-mortem treatment, including burial in graves (Grøn, 2005; Hallowell, 1926; Jordan, 2003; Paulson, 1968) . This alone points to the fact that there is more to mortuary rites in any culture than mourning the death of a companion-ontological, cosmological, political, social, and other cultural and historical factors too shape these practices. We developed our interpretive model to address these complicated issues, and we hope that its integration with an osteobiographical approach can serve as a useful starting point for other researchers investigating human-animal relations within traditional societies.
